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 	   hjaVpm6xohjm;hjpghji6pXe r ^dpgt'aVeohji6pa6i6XthjWn^dic^dpghji r X\WeqTVh r XpXe r hjmVeg^dh{i6p
r Xpgeg^diX'pb  h{mVeo^`W^dpocfeo^`hjicxoh r s_ic{W^d¬Fa6X r X«büc,½hjxoWYX r a6icD¨F^`hjiLmVb`hji6 r c{i6pa6it'hja_¯
b`X'WYX'ie r cf^`x'¦  't'h{aVbdXWYX'ieX'peWh r b`^`pmcfx¼b`X'p'¬Faceo^`hji6p r ªyaVbdXx'­ r ^dpgt'xeo^`pX'plmc{x(aVi6X
WeoT6h r XW^v_eqXbWXie! ¨{h{bdaVWX,poaVxlaVi6X}e"eqxqc# r x^dpocfeo^`hjii6hjipgeoxoa6teqa6x$'Xf¦%c\mc{xoc{Weoxg^ ¯
pocfeo^`hji r X}bdc½h{xoWYXp  c{m6m6an^dX,poa6xb`XWcf^`bbdc{jX r Xm;XDc{amc{xb  ^dieqXxoW r ^ücf^`xoX r a6i6XxoXm6xpoXin¯
eqcfeo^`hji¶Tn^xqc{xgtTV^d¬Fa6Xf¦¸«Xpcfb`jhjxg^eqTVWXp r X,e¹s_mX r X'potX'ieqXXe&¹hji6X»¯¹poTVh{e$',pghjiec r c{mne"'p(bdc
pgh{bdaneo^`hji r X,¬Fa6Xbd¬Fa6Xp«m6xghjVb`U'WYX'plWYh r Ub`X'p'¦
)§Ä 8 Â +* 	  W't'c{iV^`¬_aVX r X'p£aV^ r X'piFa6Wxg^`¬_aVXY¯h{mVeo^`W^dpocfeo^`hji r X½hjxgWYX¯WeqTVh r X r X
jxoc r ^`X'ie¯³wc{xqcfW,eqx^dpocfeo^`hji r X ½hjxgWYXR¯mVb`a6pjxqc{i r X r X'potX'ieqX ¯·h{mVeo^`W^dpocfeo^`hji,¯hjmneo^`WY^`pqceo^`hji
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º mVeg^dWcfb9poTc{m;X r Xpg^`ji^diÊcfX'xoh r s_ic{W^`t'p}^`p}jXeoeo^`i6LWcfeoa6xg^e¹sc{i r ¤^`bb xgXDc{tT^`iÈeqT6X\iVXv_e
²6¨{XsjXDcfxopyeqT6Xm;h{^`iFey¤TVX'xoX;X'pe c{icfbs_pg^`p¼th r Xp  c¨F^`X'x|¯]_eohj´{Xp
	 ¤^`bbMX^`i¨jh{b¨jX r ^`i"c}b`hnh{m
hjmneo^`WY^`¡^`i6YeqT6h{a6pqc{i r ppoTc{m;X,mc{xqcfWXeqXxop'¦
]_^`i6tXl;h{eoTm6c{xqc{WYXeqX'xgp c{i r £h¤ ¨fc{xg^dc{Vb`X'py¤^b`bM;XxoXm6xoXpoXiFeoX r sYc}bdc{xo{Xi_aVW;X'x h{·aVi6´j¯
i6h¤i6p­^`euXt'hjWYXpl^`WYmhjxec{ieleqh r X'x^`¨{XXt^`X'ie}pgh{bdaneo^`hji  fhjmneo^`WY^`¡Dceo^`hji¶WYXeoT6h r pl¤^eqT¶c
WYh r X'xocfeqXthjWYmVbdX»v_^`e¹s¤T6Xi©eqTVX,iFa6WXxuhf¨fc{x^üc{nbdXp^`p^diVt'xoX'c{poX r ¦
 X$hj6pgX'xg¨{XLeqTcfeeqT6XLthjWYmVbdX»v_^`e¹sµ¬Fa6Xpgeg^dhji ^`pYc r6r xgX'popgX r ½hjx£6h8¤ pohfbdaVeg^dh{is W"cfiFs
¤¼hjxo´Fp­¤^`eoT¾pohjWYX©poa6tt'X'pgp$¤T6X'i.®kaVb`eg^¯|Éx^ r ±®ÈÉ	Ycfbd{hjxg^eqT6WYp%c{xoXka6poX r eoT6X'pgXÈcfb`jhf¯
x^`eoT6WYp r ^dpgmVbdcsc}t'hji¨jXxojXi6t'XlxqceqX(eoTcfe r h_X'p iVh{e r X'{xqc r X¤TVX'ieqT6XiFa6WXxRh{;a6i6´Fi6h¤i6p




eoT6Xi6X'tX'pgpg^e¹seqh=c{t'XWc{isi_aVWXxg^`tDcfb r ^t'anb`eg^dXp=pgb`h8¤ t'hji¨{X'xo{X'i6tX{­_hjpot^`bbüceo^`hji6p
	»­Fi_aVWX»¯








º i6X(pgX'thji r X'pgpoX'ieg^ücfbVhjmVeg^dhji^dp9eoh«thjWYm6aVeqX(poX'iVpg^eo^¨_^e¹sj­FeqT6cfe9^`p r Xxg^¨fcfeo^¨jXhf^dWYm;hjxgeqc{ie
¬Fac{ieg^`eg^dXpþceb`XDc{peeoT6X"½aVi6teg^dhji6cfbReqhkWY^`iV^`W^d¡X	,¤^eqT¢xoX'pgmXteeqh¶m6c{xqc{WYXeqX'xgp  ^`i¢=cfteD­
WYhjpeRWY^`iV^`W^d¡'cfeo^`hjiYm6xoh_t'XpopgX'p xoXbs\h{ipoX'iVpg^eo^¨_^e¹s  6aVey¤T6XieoT6X¨fc{xg^dcfeg^dhjiVpyc{xoXthjWYm6aVeoX r
s r ^¨F^ r X rÈr ^PX'xoXi6t'Xp'­MeqT6XthjWYm6aVeceo^`hjicfbt'h{pgela6poa6cfb`bsXvntX'X r pÊeo^`WXpleoT6Xt'hjpelh{ hjiVX
½a6iVteo^`hjicbHX¨fcfb`acfeg^dhji¤T6XxoXÊ^`peqT6XiFa6WXxuh{mc{xoc{WYXeoX'xop¦
Æ hjieoxqc{x^`bsj­poh{b¨F^diVÈc{i¢c r z|h{^`ie,pgs_pgeoX'W½hjxt'hjWYm6aneo^`i6©eoT6X"{xqc r ^`X'ieh{ eqT6XY½a6i6teo^`hjicfby^`p
i6h©WYhjxoXt'hjpeobsÊeqTc{i t'hjWYm6aVeg^diV¶hjiVbsAhji6XY½a6i6teo^`hjicfb(c{i r s_^`Xb r p ^`iV½hjxoWcfeg^dh{i6p'¦kSTV^`p
m;h{^`iFeh{¨F^dX¤+^dp\iVh{e¨{X'xgs¢i6X¤=poXX%½hjxX»vVc{WYmVbdXÎR	»­ 6aVe{X'i6XxqcfeoX'p\tX'xgeqcf^`iµm6xqc{teo^`tDcfb
m6xghjVb`X'WYp¤T6X'iA¤xg^eo^`i6©eoT6X r ^QPX'xgX'ieo^dcfeqX r th r X  h{i6X%cfi6pg¤¼X'x^dpc{aVeohjWcfeqX r h{xcfpopg^`pgeoX r
r ^PX'xoXieo^dcfeo^`hji  þ­! R"	¦
 ^eqT r ^QPX'xgX'ieo^dcfeo^`hji#?c{aVeqh{W"ceqX r hjx"sTc{i r 	­bdc{xojX7j¸ jXhjWYXeoxg^`X'p%^`iÇªyaVbdXxg^dc{i £h¤
thjaVb r XTcfi r b`X r ^diAc$jxoc r ^`X'ieb`hnhjm  h{i6Xe¹s_mV^`tDcfbRX»v6cfWmnbdX^`p}{^¨jX'iAs$Î?¦!\¦Hjc{WYX»¯
pghji  p,h{mVeo^`W^d¡'cfeo^`hjiAWXeqT6h r m6xoXpoXiFeop\cLjh_h r thji¨jXxojXi6t'X½hjx}xqceqT6Xx,TVXDcD¨FsÊWXpoT6Xpcfi r







\+poXt'hji r mcfeoTÊeohkb`X'pgpthjpgegb`sÈhjmVeo^`W^d¡'cfeo^`hji cfb`b`h¤(X r seoT6X r X'x^`¨fcfeg^dhjiAh{(c{i¢c r z|h{^`ie
psnpeqXW ^dp}eohpoh{b¨jXYpg^`Wanb`eqc{i6X'h{a6pgbseqT6XthjWn^diceo^`hji¢hf¼pecfeoXpgs_pgeoX'W ½eqT6X\£h¤ 	»­c r z|h{^`ie
psnpeqXWk­_c{i r hjmVeg^dWcfb^`e¹sX'¬Facfeg^dh{ixoXbdcfeoX r eqhueqT6X{xqc r ^`X'ieyhf½a6i6teg^dh{icfb?¦ySTV^`p9^dpypga6jjXpgeoX r
sSc  c{pqc{ikXeucfb?¦Rc{plc &|hjiVX¯¹pgT6h{e 'WYXeoT6h r   þ¦
º i6t'X}eoT6Xm6xghjVb`X'W ^`p(½hjxgWaVbdcfeoX r c{pc\W^din^dW^`¡Dcfeg^dhjim6xghjVb`X'W ¤^`eoTk{xqc r ^`X'ie'­6hjxc{pc{i
hjmneo^`W"cb`^e¹spgs_pgeoX'W­6^`e ^`pmh{popg^`Vb`X«eqht'hjWV^`i6X}eqT6Xl^`eoX'xocfeo^¨jX}pgXDc{xgtT$½hjxReqT6Xua6i6´Fi6h¤i6p¤^eqT
cWanb`eg^¯±jxg^ r hjxRcWaVbeo^bdX¨jXb·WYXeoT6h r ¦ ¹iYeqT6XpoX¬Fa6XbM¤¼Xlt'cfbbMWaVbeo^ ¯¹jx^ r cWYXeoT6h r ^`i¤TV^`tT
c«b`X'pgp¼thjWYmVbdX»vYpgs_peqX'W ^`pR6aV^b`e'­c{pgX r hjiYt'hc{xgpoXx {xg^ r cfm6m6xohDv_^`W"ceo^`hji  ^`it'hjieqxoc{pge'­j^diYeqTVX
WaVb`eg^`b`X¨{Xb9WXeqT6h r eoTcfel¤(Xm6xoh{mhjpgX{­;t'hjxgxoXteo^`hji6p«c{xoXcfb¤cDs_p«thjWYm6aVeoX r ½xghjW eqT6Xa6iV^`¬Fa6X
²iVX,{xg^ r ­c{i r Wanb`eg^`b`X¨{Xbb`^`i6%^`phjmXxqcfeoX r eqT6xghja6jTm6xgX'thji r ^eo^`hjiV^`i66¦
º a6x,t'hjieqx^dVaVeo^`hji¢^`peqh¶VaV^`b r ckWaVbeo^b`X¨jXbWYXeoT6h r xoXb`sF^`i6¶h{icjxqc r ^dXiFe\c{m6m6xghc{tT³­
c{mVmVb`^`tDcfVbdXueqheoT6X 5D 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±fZ 	
 X«hj6pgX'x¨jXc{c^di%eoTcfe'­np^dW^büc{xb`seqheqT6X«wh{^`popghjitDc{pgX{­neoTV^`pXvnm6xgX'pop^dh{i^`p(¤¼Xbb¯ r X²6i6X r
c{p=cfxc{p ' ^`plxgX'janbüc{xXi6hja6jT·­ ,.
Èc{i rkr X'x^`¨fcfeg^`¨{X'plh{ 
c{xoXpo¬FacfxoX^dieoX'jxoc{Vb`X{¦
    
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 
\ut't'h{x r ^`i6Leqh©]nXteo^`hjij­³¤¼X"TcD¨{XYeohL^dieqxgh r a6t'Xc K B *= À  pgmc{t'X y­t'hjieqcf^din^di6 ­H½hjx
6an^`b r ^`i6%cjxoc r ^`X'ielWYXeqTVh r ­6¤x^`egeqXi Y
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   5
	   2 	 
  
p^di6tXeoT6XYjxqc r ^dXie   2 h{  kb^dXp,^`iAeoT6X r acfbRhf(eqTVXpgmc{tX"h{¼t'h{iFeoxoh{b y­H^e,^`pi6X'tX'pgpqc{xsAeohc{mVmVb`s©c{i©^dpghjWYhjxom6Tn^dpgW 5
	 ­Wc{mVmV^diV$eqT6X r acfb  2 h{4^`iFeoh(y­³c{i r xoXbücfeoX r eoh"eqTVX\pot'cfbücfxm6xgh r a6te^`i Y
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 X\t'hjiVpg^ r X'xi6h¤ ;h{eqTÈpgmc{tXi6hjxoWYpcfi r jxqc r ^dXie}½hjxoW¦ZShjxuxg^`jhjx­¤¼Xt'hji6p^ r X'x}eqTVX
t'c{poX"h{eqTVXLwh{^`popghjiµm6xghjVb`X'W c{ppecfeoX%X¬_a6cfeo^`hji  ¤¼X$TcD¨jX$xgX't'cfb`b`X r ^di ]_X'teg^dh{i 7V¦`eqTce
Å B$#RÀ  À D B 6 B * B  Ák^dpeqxga6X}½hjx;hja6i r c{xg^`X'p¨fc{xgsF^`i6^di' *) + hjx   ¦
]_^`i6tX¶cÊjxqc r ^dXie"WYXeqT6h r ^`pYeqhAX6aV^be^`i¾c *^`b`Xxge"pomcft'X{­¼¤(Xki6X'X r c *l^bd;X'xepomc{tX
^`i6tb`a r X r ^di ' *) +  c r ^`xoXtelc{mVmVb`^`tDceo^`hjiLh{eqT6X]nhj;h{bdX¨%^`i6tb`a6p^dhjiLeoT6X'hjxgX'W    Hcfbb`h8¤peoh
thji6pg^ r Xx}½hjx{¸mc{xoc{WYXeoX'xopc- 
 pomc{tX   & ½hjx\D¸+m6c{xqc{WYXeqX'xgp
	»¦\ST6XtT6hf^dtXhf¼pga6tTcxoX'{aVbücfx«pom6c{t'X^`p}pga t^`X'ie6aVeu¤(X r h$i6h{e«´_iVh8¤ ¤T6XeqT6Xx«^e«^`p}i6X'tX'pgpqc{xsj¦ Shjx 
 ­MeqTV^`p
WYXDcfi6peqTce½hjxhjVeqcf^`iV^diVYeoT6X r X'pgt'XiFe r ^`xoXteg^dhji 5
	   2 ½xohjW± H 	»­n¤¼X¤(hjanb r TcD¨jXeqhYpgh{b`¨{Xc ¯þeqThjx r X'xXbb^dmVeg^dt,pgs_peqX'W :
Æ hji¨{X'xopgXbsj­½xoh{W ±fZ 	­ ! & ^dpki6Xt'X'pgpqc{xsÇ½hjxkÉ,ceqXDcfanv r Xxg^¨fc{V^b`^e¹sj­   ½hjxLthjieo^`i_aVhja6pr ^PX'xoXieo^dc{V^b`^e¹sj¦ ¹ikeoT6XpoX¬_aVXb?­M¤¼X,poTcfbbtT6h_hjpoXeqh¤¼hjxo´"^diA  ¦
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 XYi6h¤t'hjiVpg^ r X'x,eqT6XYmc{xoc{WYXeoxg^`¡Dcfeg^dhjiA½hjxhjmVeg^dW^`¡^`i6Ècfi cf^`xotxqcf¥e^`ic 7j¸ ªRanbdXx,£h¤ 
eoT6Xum6c{xqc{WYXeqxg^`¡'X r poT6c{mXl^dp eqT6Xi$c!7j¸ poaVxg=c{tX«c{i r £h¤ tDcbdtaVbüceo^`hji6pcfxoX«m;X'x½hjxoWYX r hji%c{i
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a6iVpgeqxga6teoa6xoX r 7{¸ WXpoT³¦ST6XYt'hjiVpgeqxga6teg^dh{iAhf(c$WaVbeo^bdX¨jXb mcfxqc{WYXeoxg^`¡Dcfeg^dh{i$Î 	lh{ReqTV^`p
pgTc{m;X¤^bbxoXbsLhji©ci6h r X¯¹c{j{b`hjWYX'xocfeo^`hjim6xg^`i6t^dmVb`X?poXX 7 	»¦
ST6X(poa6x=c{t'X(^`pRc{pgpg^`WY^bdcfeqX r eohc«pgWh_h{eoTX'i6hjaVjTWc{iV^½h{b r  ¦yST6X r ^`potxoXeqXjXhjWYXeqxs   3 ^`peoT6XpoaVxg=c{t^dt;hja6i r cfxgsh{cZ7j¸ a6i6pgeoxoa6teqa6xgX r eqXeqxqcfT6X r x^d¡'cfeo^`hjic{i r ^`pyWc r Xh{Meoxg^dc{i6{b`X'p ^`i
7j¸¦O\ r X½hjxoWcfeg^dhji"m6xoh¨{hj´{X r hji   3 ­F^`p(i6h{eoX r ,   3  eqTVXui6X¤ÇWc{iV^½h{b r  3 ( "!! $  $ ,   3^`p(6an^`bes%cm6xgh{z|X'teo^`hji ! $ eqh\ct'hc{xgpoXx¼b`X¨jXbþ­6cm6xgh{bdh{i6cfeg^dhji ! ­Feqxoc{i6pom;hjpgX}h{ ! $ ­_eoheqTVX^`iV^eo^dcfb9b`X¨{Xb?­thjWV^`i6X r ¤^eqTAc{iÊhjm;X'xocfeqhjx   r Xecf^bdpcfxoX{^¨jXiÊ^`i  "7	»¦STVXpgWYhnh{eoTV^`i6hjm;X'xocfeqh{x  ^`plc{ikcD¨jX'xoc{jX¤(X^d{TFeoX r FsLcpgtDcfbdc{xm6xoh r a6teh{i6hjxoWcfb`p Y
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¤T6XxoX  ,  cfxoXeqT6X¤¼X^`jTeqp r X²6i6X r Fs>Y
 ,  , 6#( 	 *  9O6 	   4 *  9O6 	    4 , 4  BG  %  , % , + '  ±j 	
c{i r ¤TVX'xoX 	   xgX'm6xgX'pgX'ieqpui6X^`jTFh{xoph{t'Xbb- c{i r  ^dpeqTVX,pgWYhnh{eoTV^`i6"m6c{xqc{WYXeqX'x¦
STV^`pthji6peqxoaVteo^`hjiXv_eqXi r p 8 	 g  	eqhuci6hji£cfeWc{iV^½h{b r ¦ ¹i!S^d{a6xoX Hn­mXxgeoa6xoceo^`hji
hjiLb`X¨{Xb
 Y^`p r X'mn^dteqX r ½hjxc{ikcf^`xotxqcf¥epgTc{m;X  eoT6X^din^`eg^ücfbpgTc{m;X^dp{^¨jXi¶hji S^`ja6xgXZ6¦
S^`ja6xgX,Z Y ¹iV^`eg^ücbpoTc{m;Xh{eqT6X,cf^`xotxqcf¥e'¦
 ) 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	   5'! 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ST6X,Wanb`eg^`b`X¨{Xb {xqc r ^`X'ieuc{m6mVxohc{tT©t'hjiVpg^ r X'xgX r T6XxoX^dp^`iFeoxoh r a6tX r ^`i Î   ^euxgXb^dXpuh{i©eqTVX
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¤T6XxoX    c{i r !   cfxoX r X²i6X r ^`iA]nXteo^`hji 7V¦j­·c{t'thjx r ^`i6$eoh$bdX¨jXb  7 ­Hc{i r ¤TVX'xoX 4 ^`pc½a6iVteo^`hjiLh{e¹¤¼h¨{cfxg^dc{Vb`X'p ' c{i r ­neqTcfe(^dp(^ r XiFeg^dt'cfbHeqh   2 	 
  hjiVbs^` ' , ' 	 
  ?pecfeoXX¬_a6cfeo^`hji 	}c{i r ,  	 
  þc r z|h{^diepecfeoXX'¬Facfeg^dh{i 	¦ST6Xmc{xoc{WYXeoX'x  ^dpX^`eoT6X'x}²VvnX r h{xr X²i6X r scL¸ poXDcfxotT³¦
STV^`plcfb`jhjxg^eqTVW xoXpoaVbeqp^`i¶c´^di r h{pgeoX'XmXpgeg¯ r X'pgt'XiFecfbd{hjxg^eqT6W ¤T6X'i 4 ^`plX»vVc{tegb`s   2 	 
 c{i r ¤(XxoX½Xx«eqh"^`e}c{pc   *¥ B * ÀWV;À * L 8Å B=À D  À &= Ä Å Îj   t'hji¨{X'xopgXbsj­³¤T6Xi ' cfi r
 c{xoX,hjVeqcf^`i6X r Fs¶c{m6mnb`sF^`i6%hjinb`s©c½X¤ ^eqX'xocfeo^`hji6puh{Rc{ik^`eoX'xocfeo^¨jXpoh{b`aVeo^`hji¶cfbd{hjxg^eqT6W eoh
pecfeoXucfi r c r z|h{^die¯¹pgeqcfeqXX¬_a6cfeo^`hji6p­_eoT6X'i 4 ^dp i6h{eReqTVXujxoc r ^`X'ie¼h{  ­F6aVe¼cf^`WYp eohthji¨jX'xgjX
eoh8¤(c{x r p  2 	 
  ¤TVX'iLeqT6X}¤TVh{bdX}b`h_hjm$^dp(t'hji¨jXxo{^`i6  ¤¼XxoX½Xx(eqh\eoTV^`pcfbd{hjxg^eqT6W c{pc\Ä D ÀjÂ"= Ä , À = Ä Å ?c{t'thjx r ^`i6eqh   "	¼½hjxpgh{b`¨F^`i6eqT6Xh{mVeo^`Wcfb`^e¹sLpsnpeqXW h{eqT6Xhjmneo^`WY^`¡Dceo^`hji
m6xghjVb`X'W¦ ST6XmXxg½hjxgWc{i6t'Xh{eqTn^dpuc{m6m6xghc{tT½hjxl{¸ c{m6mnb`^`tDcfeg^dh{i6pl^`p r ^`pot'aVpopoX r ^`i Î8?¦
  ** '&  -/ ,	!L#% &2

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ST6XiFa6WYX'x^dt'cfb(WYXeqT6h r c{mVmVb`^`X r ½hjxm6xoX r ^dteo^`i6¶peqX'c r s¢ªyaVbdXx,£6h8¤p­9^`pcW^vnX r Xb`X'WYX'ie
¨{h{bdaVWX$c{m6m6xghv_^`Wcfeo^`hji^`iF¨{h{b¨_^`i6ÈeoT6X%¤¼Xbb¯±´_iVh8¤iµ° c{i HX'X'x£anv¢¨jX'teqhjxpomVb^`egeo^`i66¦¶ST6X
h¨jXxqcfbb r ^QPX'xgX'ieo^dc{V^b`^e¹sh{ReoT6X\m6xghntX'pop}¤^bbycfbbdh¤ eqhcfm6mVbsÈc{iX»vVc{te¯¹jxoc r ^`X'ie,c{m6m6xghc{tT³¦
ÛÛ öba'Þ»ïàï
  5 C 0 + ' % 


ST6X©c{m6mnb`^`tDcfeg^dh{ih{}cApgTc{m;X r X'pg^`jibdh_hjm poT6h{aVb r ^di¨{h{b`¨{X¶eqTVXkxgX'm;XDcfeoX r xoX'¡hjiV^`i6 hf«eqTVX
WYX'pgTkeoh%cft't'h{a6iel½h{xeqT6XWYh r ^`²t'cfeo^`hjikh{eqT6XpoT6c{mXh{eqTVXc^dxgt'xqc¥eD¦
¹ieqTV^`p¤(hjxg´M­f^`i6pomV^`xoX r seqT6X¼c{m6mVxohc{tT,a6pgX r s5 hja6iV 
     	»­f¤¼X(cfxoXRt'hjiVpg^ r X'x^di6u^dic
²xgpgem6TcfpoXReqT6XRhjmVeg^dh{ih{VxoXm6xoXpoX'ieg^di6ueqT6XRpoT6c{mXRWYh r ^`²6tDcfeg^dhjis,c{m6mVbsF^di6uceqxqcfi6pomV^`xqceo^`hji
thji r ^eo^`hji  eqTV^`pWYXDc{i6peoTcfeeqTVXt'a6xgxoX'ieupoTcfmX}^`p r X²iVX r ¤^eqTkxoXpom;X'teleoheqT6XWYX'pgT¶pg´F^`i
c{p"c¢m;X'xeqa6xgcfeg^dhjipg^`WaVbdcfeoX r s eqxoc{i6pomn^dxocfeo^`hji=poXX©½hjxXvVc{WYmVb`X Î&H "	­xgX½XxoxoX r ^`i eqTVX
pgX'¬Fa6XbcfpeqT6X &1  46	*
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Xea6p r Xi6h{eqXs 
¶eqTVXmXxgeqaVxocfeg^dh{i$½a6i6teg^dh{i 
^e^dpeoT6X,cfbd{X'6xocf^dtb`X'i6feqTkh{eoT6X r ^`pomVbdc{t'XWYX'ie}h{eqTVX,;hja6i r c{xgsLcfbdh{i6^`eopliVhjxoWcfb?¦
 XxoX't'cfbbHeqT6Xeqxoc{i6pgmV^dxocfeo^`hjit'h{i r ^eo^`hjik½h{xªRanbdXxl£h¤p Y
HXe\a6p r X'iVh{eqXLs >  9077 eoT6X$poT6c{mX$eohX%X'WanbücfeoX r s eqxoc{i6pgmV^dxocfeo^`hji c{i r Fs  3    eqTVXi6h{xoWcfbHh{eqTVX,pgT6Xbb?¦(ST6Xpb`^`m¶;hja6i r c{xgs"eqX'xgW h{eqT6X}£a_v 	 '  ^dp r X²i6X r c{p½h{bbdh¤p$Y
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¤^eqT Y
 ,  4 	    3   ¤T6XxoX  ^`p«eoT6X¨jXbdh_t^e¹sÈhfyeqT6X£6aV^ r ¦STV^dpcfm6m6xohDv_^`W"ceo^`hjiTc{p}mVxoh¨jX r cft't'aVxqcfeoXX'i6hjaVjT
½hjxxocfeqTVX'xbdc{xojXm;X'xeqa6xgcfeo^`hji6ph{eqTVX,;hja6i r c{xgsLc{i r ¨jXxgsxoh{6a6pge'¦
ST6XpoXi6pg^eo^¨F^`e¹s©c{i6cfb`s_p^dpTc{p;X'Xi r Xxg^¨jX r XvVc{teobsj­6aneuh{iVb`s"½hjxeqTVX²6xopge¯¹hjx r X'xcft't'a_¯
xocfeqX,a6m¤^di r potT6XWXf¦}ST6X,b`^`i6X'c{xg^`¡Dcfeg^dh{i ?s r ^P·XxoX'ieg^ücfeg^dh{i 	uh{ eoT6Xeqxqcfi6pomV^`xqceo^`hjiÈt'h{i r ^ ¯
eg^dhji^`plpeqxocf^d{TFeg½hjxg¤(c{x r c{i r c{i©c r z|hf^dielpgeqcfeqX^dpX'c{pg^b`sthjWYm6aVeoX r ¦(ST6X,¨fcfb^ r cfeo^`hjikh{eqTV^`p
pgX'i6p^`eg^`¨F^e¹s^`p%m;X'x½hjxoWYX r s c r ^`xoX'te%thjWYmc{x^dpghji ¤^eqT r ^`¨F^ r X r r ^PX'xoXi6t'Xp$h{ueqT6X©t'hjpe
½a6iVteo^`hji  X'xgxohjxgp^dikjxqc r ^dXieuthjWYmh{i6X'ieqpuc{xgXh{eoT6Xhjx r X'xh{ RV¦ RRVL¦
ST6X}fbdhj6cfb·WYXeqT6h r ^dp(X'popgX'ieo^dcfbb`s$W"c r X}h{HeoT6xoXX«bdh_hjm6pS^`ja6xgX} 	»¦RST6X}X»vneoX'xgicfb³b`hnh{m
^`pc$xoXWYX'poTn^di6Lb`hnh{mÈ^diÈ¤TV^`tT¢c%i6X¤ poT6c{mX\^`p r Xxg^¨jX r ½xghjW cfih{b r h{i6X\a6m r cfeoX r s¶eqTVX
eoxqc{i6pgmV^`xoX r m;X'xgeoa6xo6cfeo^`hji  ¤¼X"peo^b`b r hkiVh{e,a6poXY^`eTVX'xoXf¦%STVXWYX r ^daVW bdh_hjm^dp,cjxqc r ^dXie
hjmneo^`WY^`¡Dceo^`hjibdh_hjm ^`i¤TV^`tTµeqT6X$thjieqxgh{b(¨fc{x^üc{nbdX%^`p\eqTVX%eqxoc{i6pomn^dxgX r mXxgeoa6xoceo^`hji  eqTV^`p
b`hnh{m¶^di¨{h{b`¨{X'peqT6XX¨fcfb`acfeo^`hjih{yeoT6Xjxoc r ^`X'ieh{ReqTVX\t'hjpe}½a6i6teo^`hjicfbeqT6xghja6jTÊcfiÊc r z|h{^`ie
pecfeoX{¦
 X\TcD¨jXf­³^diÈeoT6Xm6xgX¨F^dh{a6ppoXteo^`hji6p­ r ^`pot'aVpopoX r ^`i r Xeqcf^bdp}eoT6Xc{V^b^`e¹s¶h{ReqT6X\WaVbeo^bdX¨jXbyeoh
thji¨jX'xgjX¤^`eoTkc\pom;X'X r eqT6cfe^`pxqcfeoT6X'x^`i6poXi6pg^eo^¨jXeqheoT6XiFa6W;X'xh{mcfxqc{WYXeoX'xgp  ¤(Xi6h¤
peqxoXpopReqTceD­_cfbeqT6hjaVjT"X'c{pg^bsYhjVec^di6X r seqTVXlWaVbeo^bdX¨jXb·WYXeqTVh r ­eoT6XhjmVeo^`WcfbMt'h{iFeoxoh{b;t'c{i
pgT6h¤pgm6a6x^dhjaVpyTV^d{T\½xoX'¬Fa6Xi6t^`X'p¦  X(eoTV^`i6´,eoTcfe eoT6Xhjx^df^di\hf;c{ih rVr ¯¹X¨jX'i r X't'h{a6mVb^di6b^dXp
^`iÈeqT6X\=cfte}eoTcfei6h{xoWcfb ¨{X'teohjxopcei6h r X'pc{xgX þc{x^`eoT6WYXeg^dt 	«WX'c{i6ph{ i6h{xoWcfb9¨{X'teqhjxgpeoh
=c{tX'phfHeqT6X}pgTc{m;X{¦ SxohjWeoTV^dp(mh{^`ieh{H¨F^`X¤­VeoT6XªyaVb`X'x£h¤Ç^dp(xqcfeoT6X'x(^`i6pgX'i6p^`eg^`¨{X,eoh\TV^`jT
½xgX'¬Fa6X'iVts¢hjpot^`bbüceo^`hji6phfeqT6X"h{a6i r c{xsj¦kSTV^`p r X½X'te\^dpc{WYmVb^`²6X r sÊeqT6Xeqxqcfi6pomV^`xqceo^`hji
½hjxgWaVbdcfeg^dhji^`i¤TV^dtT"TV^`jT½xoX'¬Fa6Xi6t^`X'p(c.PX'te i6h{xoWcfb`py6aVe i6h{eRtXbb¨jh{b`a6WYX'p : º a6x c{i6p¤(Xx







;hja6i r c{xgs%i6h r X,thnh{x r ^`icfeoX'p
	»¦
ST6XWYhjpe^`iFeoX'xgicfb³b`hnh{m$^dp(eoT6X¸ b`hnt'cfb³xgX'pgXDc{xgtT©h{HeoT6XpgeoX'XmXpge r X'pgt'XiFelmcfxqc{WYXeoX'x  C ¦
3D  coordinates
triangles
j’(γ )optimality  conditions






3D   mesh 3D  coordinates
tetraedra
OPTIMIZATION METHOD
Transpiration  conditions  applied  on  the  skin  mesh 
Choice  of  a  level 
Find  the  steepest  descent       automatically
n+1 n
γ   =  γ  −  ρ 
ρopt
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ST6X½h{bb`h8¤^`i6XvVc{WYmVb`X'p,xoXb`sÈhjiÊpoX¨{X'xocfby¨jXxgsÊpg^`WYmVb^`²X r m6xghjVb`X'WYp'¦ ¹iÊm6xghjm;hjpg^`i6LeqT6XW­
¤¼X,cf^dW eqhYpoT6h¤§TVh8¤eqT6X,c{mVmVb`^`tDceo^`hji©hfeoT6XWXeqT6h r eqhci6X¤ jX'hjWYXeqxgsL^`pXDc{psj¦ ¹WYm6xoh¯
¨F^`i6\eqT6X«X t^`X'i6tsLh{HeoT6X«£h¤poh{b¨jXxTc{pi6hfe;X'X'ithji6pg^ r XxoX r X»vVtX'mVes%pohjWYX«eoa6iV^`i6h{
Æ hjaVxqc{ieliFa6W;X'xgp«c{i r iFa6WXxlhf9b^di6X'c{xpg¤¼X'Xm6p r aVxg^`i6eqT6X^`Wmnb`^`t^eueg^dWYXpgeoX'm6mn^di6V¦
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ST6Xpo´^`i¶WYX'pgT¶h{eqTVX¤^`i6Y^dpthjWYmhjpgX r Fs    + i6h r X'p¦
ST6Xthjpge½a6i6teo^`hjicfbH¤¼X,TcD¨jXa6poX r ^`ph{eoT6X½hjxoW Y
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S^`ja6xoX  Y ®¶¯±¤^`i6hjmVeg^dW^`¡Dcfeg^dhji  ²i6cfbpoTcfmX,cf¥eoX'x +)G hjmVeg^dW^`¡Dcfeg^dhjiL^eqXxqcfeg^dhjiVp'¦
 XRTcD¨jXRa6poX r cpqcD¤eohnh{eoT,°l¯¹tsntbdXppeqxocfeqX{s;Xe¹¤¼X'X'ieqT6Xy½hja6xeqTb`X¨jXbþ­¤^`eoT 	  m6c{xqc{WYXeqX'xgp
c{i r eoT6X²i6XpgelbdX¨jXb?¦ \u¥eqXx +)G hjmVeo^`W^d¡'cfeo^`hjiL^eqX'xocfeo^`hji6p­eqT6XhjVeqcf^`i6X rr xoc{^`p
  . , G 4 	  . c{i r   . , G 4      
ST6X Æ wRË§eo^`WX^`plc{h{aVe 	\T6hja6xgplh{i¶cY¸}ª Æ pecfeg^dhji·¦
S^`ja6xgX'p,Lc{i r  m6xgX'pgX'ieeoT6X^din^`eg^ücfb poTc{m;XYc{i r eoT6X²icfbypgTc{m;X{¦ º i S^`ja6xgXYV­³¤(XYpgX'Xc
xgX r a6teo^`hjikh{eoT6XpoT6h_t´LhjiLeqTVX¤^`i66¦







¹iV^eo^dcfb 6¯±poT6h_t´M¦ ~X r a6teg^dhji©h{eqT6X V¯¹poTVhnt´M¦
S^`ja6xgX Y ~lX r a6teo^`hji©hfeoT6X^diV^eo^dcfb V¯¹pgT6hnt´$cf¥eqXx +)G hjmVeo^`W^d¡'cfeo^`hji^`eoX'xocfeo^`hji6p¦
ST6Xpg´F^`i¶WYXpoT¶hfeoT6X,cf^dxgt'xocf¥e^dpthjWYmhjpgX r h{   + i6h r X'p¦
ST6Xthjpge9½a6i6teg^dh{icfbVeohX(WY^`iV^`W^d¡X r ^dp eoT6XpqcfWXcfp9eqT6Xh{i6X(½hjx9eoT6X®¶«¤^`i66¦ ST6X^din^`eg^ücfb
thji r ^eo^`hji6plc{xgX r X²i6X r sc\=c{x²Xb r ®©c{tT¶iFa6WXxlhf G 4  	n­V¤^eqTki6h^`i6t^ r X'iVt'X{¦
¹i$hjaVx¼WYh r Xb;pgeoa r s{­n¤¼X«²xope(thji6p^ r XxcxocfeqTVX'x pg^`WmnbdXcfX'xoh r s_ic{W^`tDcfbhjVz|Xteg^`¨{X«½a6i6t»¯
eg^dhjiYeqT6cfeRWYXDc{pga6xoXp¼eqTVXlpgWYhnh{eoT6i6Xpop(hfeoT6XumVxoX'pgpoa6xgX r ^dpeqxg^`6aVeg^dh{i%hjiYeqT6Xucf^`xotxqcf¥ey½a6pgXbdc{jXf¦
\²xgpge,£h¤t'hjWYm6anecfeg^dhjiA^dp,Wc r X  eqTVX'i¢eoT6Xm6xoXpopoaVxoX r ^dpeqxg^`6aVeg^dh{i ^dp,xoXjaVbdc{xg^`¡'X r ­ cfi r
eoT6XxoX'{aVbücfxg^`¡'X rkr ^`pgeoxg^`6aVeo^`hjik^dpecf´{X'i©c{plc\ec{xgjXeh{i6X{¦
±e}^`p}^dieoX'xoXpgeg^di6LeohLi6h{eqXeqTcfe«eqT6X\pgX'i6p^`eg^`¨F^e¹sAc{icfbs_pg^`ptDc{i;XpoXX'iÊs¶eoT6X\a6pgX'x'­cfpc
xghja6jTX'peo^`W"ceo^`hji%h{eqT6Xb`X¨{Xbh{ r Xpg^`xqc{nbdX r ^dpgmVbdc{t'XWXiei6hjxgWcfb`bseqTVXl¤(cfbb  ^e ^`p mhjp^`eg^`¨{X
¤T6Xi eqTVX%cf^`xotxqcf¥epo´^`ipoTVhjaVb r XYeqTVxoXDc r X r h{aVeD­i6X'jcfeo^¨jX¤T6X'i ^epoT6hjanb r ;XY½hjxotX r ^`i
=poX'XMS^`ja6xgX¢R 	¦  XÈcbdxgXDc r s h{6poXxg¨jXkeqTce$cÊt'hjiVpgecfiFe%h r s pgX'teg^dh{i^`p%i6h{ehjmneo^`W"cb 
½hjxXvVc{WYmVb`X{­yeqTVX%;h r s¢poTVhjaVb r X$i6c{xoxgh8¤¼X'x\cfeeoT6X%¤^`i6f¯üz|aVi6teg^dhjiµpec{{X þc{p^dieqan^`eg^`¨{Xbs
^`i r ^`tDcfeoX r sLeqT6Xpgeqc{i r cfx r &c{xgXDcbdc¤ ' 	¦
º a6xm6a6xgmhjpgX¼^`piVh8¤µeohu^b`b`a6peqxqceqX¼eoT6XcfV^`b^e¹shf6eqTV^`p´F^`i r hfWYXeqTVh r ^`iTVXb`mV^diV«eqhuhjmVeo^`W^d¡X
cpoTc{m;X\s©c{t'thja6ieo^`i6$½hjxeqTVX^`iFeoX'xoc{teg^dhjihf eqT6X r ^QPX'xgX'ie}m6c{xge«h{ eqTVX\jX'h{WXeqxsj¦ º mneo^ ¯
W^`¡^`i6keoT6X¤T6h{b`X"pgTc{m;XYh{pga6tTcLt'h{WmnbdX»vAjX'hjWYXeqxgs¤¼hjaVb r r X'Wc{i r eqT6X^`ieqxoh r a6teo^`hji
h{cb`h{eh{t'h{i6pgeoxqcf^`ieqp'¦  XpoTcfbbHm6xgX½Xxb`h_tDcfb^dWYm6xgh8¨{X'WYX'ieop'­;6aVe¤^eqT©c\{bdh{cfbc{i6cfb`s_p^dp¦
 X«tT6h_hjpgXueqht'hjiVt'X'ieoxqcfeoX}hji$cfi$X PX'texoXbüceqX r eqhTn^djTVX'x(mVxoX'pgpoa6xgX'p­i6XDc{x eqT6Xums_b`hjin¯±h r s
z|a6iVteo^`hji³­Mcfi r hji6XxoXbücfeoX r eqhb`h8¤¼X'xlm6xgX'popga6xoXp'­cf¥eqXxeqT6Xt'c{V^`i³¦
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ST6X^`iV£a6Xi6t'X\hf9eqTVX;h r sF¯±ms_b`hjiz|a6i6teg^dh{i¶hjikm6xoXpopga6xoX£6a6teoacfeo^`hji6p^`pubdc{xojXf¦  XtTVhnhjpgX
eoht'hji6tX'ieqxocfeqXeoT6XhjmVeo^`W^d¡'cfeo^`hjihjiLeqTVXh r s$pgTc{m;Xi6XDcfxeqTV^`pyz|a6i6teg^dh{i³¦ ¹iS^djaVxoXYc{xgX
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S^`ja6xgXÈR Y"~X'poX'c{xotT spgTc{m;XLhjmVeg^dW^`¡Dcfeg^dhjiµhf«cÈWYhjxgX$a6iV^½hjxgW m6xgX'popga6xoXhji cS;cbdthji
cf^`xotxqcf¥e Y ^`poh¯¹jxoc r ^`X'ieqpt'h{iFeohja6xgpuhjiLeoT6Xh r sj¦
r XmV^`teqX r eoT6XxoXpoaVbeo^`i6YpoT6c{mXWYh r ^²tDcfeg^dh{i6p'­cfi r ^di S^`ja6xgX\ReqTVX}^dWYm6xgh8¨{X'WYX'iel^dim6xgX'p|¯
pga6xoXlxoXjaVbdc{xg^e¹sj¦/*lh8¤¼X¨{X'x­VeqT6XlhjVz|Xteg^`¨{X«½a6i6teo^`hjicfb;WYXDc{pga6xg^`i6,eqT6X L * Ä * poWYh_h{eqT6iVX'pop¼h{
eoT6Xm6xoXpopga6xoXpo´^`i r ^`pgeoxg^`6aVeo^`hjiÊ¤cfp,h{iVb`sÈxoX r a6t'X r ½xoh{W "4    +)G   eqh "4    +)G   ¦STV^`pTcfp
;X'Xi©hjnecf^`i6X r ^`i©Z^eqX'xocfeo^`hji6plc{i r {W^`i_aneqX'plh{ Æ wRË¦
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\Çpg^`W^`bdc{xRm6xghntX'popR^`p(c{mVmVb`^`X r ^`i"hjx r X'xyeohTcD¨{X«cWYhjxoXa6iV^½hjxgW m6xoXpopga6xoXlhjiYeqT6X;h r scf¥eqXx
eoT6Xt'c{V^`i³¦ST6X¤T6h{b`XpgX'teo^`hjiÈh{eqT6X,h r s$^`pucfb`b`h¤(X r eqh"tTc{i6{X,½xghjW eqTVXt'c{V^`i¶eqhi6XDcfx
eoT6X\¤^diVS^`ja6xoXL{	  eqT6X =pqc{WYX 	h{Vz|X'teo^¨jX½a6i6teo^`hjicfby^`pc{cf^`iÈ¤¼XDc{´bsÊxoX r a6t'X r ­H½xohjW
"4  +)G   eqh "4  +)G   ¦ STV^dpRTcfp ;X'Xi"h{Vecf^`i6X r ^`iYZ^eqXxqcfeg^dh{i6p c{i r Z  WY^`iFaVeqXp¼hf Æ wRË­Fcfi r
eoT6X%WYhjxgX%a6iV^½hjxgW m6xoXpopoaVxoX r ^`pgeoxg^`6aVeo^`hjit'c{i;X%hjVpoX'x¨jX r ^di S^djaVxoX¶"7  ^`i S^`ja6xoXk7V­
^`i r XX r ­6¤¼Xh{6poXxg¨jXeoTcfeeqTVX,mVxoX'pgpoa6xgX r ^dpeqxg^`6aVeg^dh{ik^`p^dWYm6xgh8¨{X r cf¥eqXxeqT6XtDcfV^di  ¤¼X,cfbdpgh
hjVpoX'x¨jXeqT6cfe}eqTVX'xoX^`pc$pgeoxohji6L^`iV£a6Xi6t'XYh{ReoT6XjX'h{WXeqxsWYh r ^²t'cfeo^`hjiÊhjiÈeqTVXm6xoXpopoaVxoX
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